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SYSTEMS AND METHODS FOR AN RF 
NULLING SCHEME IN RFID 

RELATED APPLICATION INFORMATION 

This application is based upon and claims the bene?t of 
priority from US. Provisional Patent Application Ser. No. 
60/717,013, ?led Sep. 14, 2005, the entire contents ofWhich 
are incorporated herein by reference. 

BACKGROUND 

1. Field of the Invention 
The present embodiments described herein relates gener 

ally to RFID systems, and more particularly to systems and 
methods for RF nulling Within an RFID system. 

2. Background of the Invention 
FIG. 1 is a diagram illustrating an exemplary RFID system 

100. In system 100, RFID interrogator 102 communicates 
With one or more RFID tags 110. Data can be exchanged 
betWeen interrogator 102 and RFID tag 110 via radio transmit 
signal 108 and radio receive signal 112. RFID interrogator 
102 comprises RF transceiver 104, Which contains transmit 
ter and receiver electronics, and antenna 106, Which are con 
?gured to generate and receive radio transmit signal 108 and 
radio receive signal 112, respectively. Exchange of data can 
be accomplished via electromagnetic or electrostatic cou 
pling in the RF spectrum in combination With various modu 
lation and encoding schemes. RFID tag 110 is a transponder 
that can be attached to an object of interest and act as an 
information storage mechanism. In many applications, the 
use of passive RFID tags is desirable, because they have a 
virtually unlimited operational lifetime and can be smaller, 
lighter, and cheaper than active RFID tags that contain an 
internal poWer source, eg a battery. Passive RFID tags poWer 
themselves by rectifying the RF signal emitted by the RF 
scanner. Consequently, the range of transmit signal 108 deter 
mines the operational range of RFID tag 110. 
RF transceiver 104 transmits RF signals 108 to RFID tag 

110, and receives RF signals 112 from RFID tag 110, via 
antenna 106. The data in transmit signal 108 and receive 
signal 112 can be contained in one or more bits for the pur 
pose of providing identi?cation and other information rel 
evant to the particular RFID tag application. When RFID tag 
110 passes Within the range of the radio frequency magnetic 
?eld emitted by antenna 106, RFID tag 110 is excited and 
transmits data back to RF interrogator 102. A change in the 
impedance of RFID tag 110 can be used to signal the data to 
RF interrogator 102 via receive signal 112. The impedance 
change in RFID tag 110 can be caused by producing a short 
circuit across the tag’s antenna connections (not shoWn) in 
bursts of very short duration. RF transceiver 104 senses the 
impedance change as a change in the level of re?ected or 
backscattered energy arriving at antenna 106. 

Digital electronics 114, Which can comprise a micropro 
cessor With RAM, performs decoding and reading of receive 
signal 112. Similarly, digital electronics 114 performs the 
coding of transmit signal 108. Thus, RF interrogator 102 
facilitates the reading or Writing of data to RFID tags 110, that 
are Within range of the RF ?eld emitted by antenna 106. 
Together, RF transceiver 104 and digital electronics 114 com 
prise interrogator 102. Finally, digital electronics 114 can be 
interfaced With an integral display and/ or provide a parallel or 
serial communications interface to a host computer or indus 
trial controller, e.g. host computer 116. 

Generally, RFID systems 100 must receive a backscatter 
signal 112 from tag 110 While transmitting signal 108. Simul 
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2 
taneous transmission and reception can cause high levels of 
RF energy to enter the receiver, ultimately limiting the 
receiver sensitivity. Existing system designs attempt to solve 
this problem by either minimiZing the signal re?ections back 
into the receiver or by using separate transmit and receive 
antennas. Minimizing signal re?ections via component selec 
tion has practical limitations. For example, it can be di?icult 
to perfectly match impedance because of variability in the 
manufactured components used in a device or system. These 
impedance mismatches can cause re?ections. Further, using 
separate antennas increases the system cost and requires addi 
tional space. 

SUMMARY 

An RF nulling scheme can minimiZe the level of unWanted 
RF signal re?ections entering the receiver Without attenuating 
the desired signal response from an RFID tag. In one aspect of 
the RF nulling scheme a synthesizer signal can be split 
betWeen a main path and a nulling path. In the main path, the 
signal can be ampli?ed and routed through a circulator to an 
antenna. In this Way the signal can be transmitted, e. g., to any 
RFID tags Within range. 

Re?ections from the circulator, cable, and antenna can 
combine With any responding RFID tag’s backscatter 
response to create a large composite RF signal at the receiver. 
As discussed above, this large composite RF signal can ulti 
mately limit the receiver sensitivity. 

In one aspect of the nulling path, the signal from the splitter 
can be routed through an electronically variable phase shifter 
and variable gain ampli?er to create a nulling signal. A cou 
pler can combine the large composite RF signal With the 
nulling signal. The nulling signal can be of equal amplitude to 
the re?ected signal, but shifted 180 degrees out of phase. Thus 
the nulling signal can cancel the re?ected signal. In other 
Words, the output of the RF coupler can contain the incoher 
ent RFID tag response and What is left of the nulled coherent, 
undesired RF signal. This signal can be routed through a 
detector to provide feedback to the processor about hoW Well 
the re?ected signal is being cancelled. The phase or amplitude 
of the nulling signal can then be adjusted to improve cancel 
lation if necessary. 
The variable phase control can ensure that the nulling 

signal is, at least approximately, 180 degrees out of phase 
With the undesired signal. Without phase control, the signals 
could constructively add further degrading receiver sensitiv 
ity. If the nulling signal is 180 degrees out of phase it can 
destructively add to the undesired signal. Variable gain can be 
used to ensure that the nulling signal is the right amplitude to 
adequately null the undesired signal. Without variable gain 
there may not be enough signal in a large re?ection situations 
to adequately null, or, conversely too much signal in small 
re?ection situations. 

In another aspect, using an RF coupler can minimiZe the 
insertion loss on the desired RF signal, yet permit nulling of 
the undesired signal. This can keep the desired signal maxi 
miZed, e. g. the signal re?ected by any RFID tags While mini 
miZing the undesired signal, thereby improving receiver sen 
sitivity. 

In another aspect, Without some Way to couple off the 
resultant signal and detecting the RF amplitude of the undes 
ired signal there is no Way to determine Where to set the gain 
of the variable ampli?er and phase of the phase shifter. A 
detector can provide feedback on hoW Well the undesired 
signal is being eliminated. The detector can also couple the 
desired signal to the rest of the receiver circuitry. 



US 7,787,837 B2 
3 

In yet another aspect, because gain and/or phase may need 
to be set to null the undesired RF signal, there Will have to be 
some intelligence in the loop. Periodically during operation, 
the processor can have an algorithm that cancels the receiver 
RF signal at each frequency of use and at each antenna port. 
A look up table can be maintained to provide proper settings. 
The processor can perform periodic checks to insure the 
received RF signal is Within an acceptable WindoW, thereby 
maintaining good receiver sensitivity. In other Words the pro 
cessor can perform periodic checks to ensure suf?cient can 
cellation to maintain good receiver sensitivity. 

These and other features, aspects, and embodiments of the 
invention are described beloW in the section entitled 
“Detailed Description.” 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the systems and 
methods described herein, and the advantages thereof, refer 
ence is noW made to the folloWing descriptions taken in 
conjunction With the accompanying draWings, in Which: 

FIG. 1 is a diagram illustrating an exemplary RFID system; 
FIG. 2 is a diagram illustrating an example RFID system 

receiver in accordance With one embodiment; 
FIG. 3 is a ?owchart illustrating an example method of RF 

nulling that can use the system of FIG. 2 in accordance With 
one embodiment; and 

FIG. 4 is a ?owchart illustrating another example method 
of RF nulling that can use the system of FIG. 2 in accordance 
With one embodiment. 

DETAILED DESCRIPTION 

FIG. 2 is a diagram illustrating an example RFID System 
Receiver 200 in accordance With one embodiment. In this 
embodiment, an RF nulling scheme can be used to minimiZe 
the level of re?ected RF signals entering a receiver Without 
attenuating, or at least minimally attenuating any desired 
signal response from an RFID tag. 
A transmit signal from synthesizer 202 can be split 

betWeen a main path 204 and a nulling path 206 using an RF 
poWer divider 208. In main path 204, a main path signal can 
be ampli?ed, using a poWer ampli?er 210. The main path 
signal can be one signal output from RF poWer divider 208. 
After ampli?cation the main path signal can be routed 
through a circulator 212 to an antenna 214. Re?ections from 
circulator 212, cable and antenna 214 can combine With an 
RFID tag’s backscatter response to create a large composite 
RF signal at the receiver. 
A nulling path signal can be another output from RF poWer 

divider 208. The nulling path signal can be routed through 
nulling path 206, Which can include a variable phase shifter 
216 and a variable gain ampli?er 218. Nulling path 206 can 
output a nulling signal that can be combined With the com 
posite signal using coupler 220. Thus, the output of the RF 
coupler 220 can contain the incoherent RFID tag response 
and What is left of the nulled coherent, undesired RF signal. 
This signal can be routed through a detector 222 to provide 
feedback to a processor 224. Detector 222 can, in one 
embodiment, be a coupler/detector and can couple the com 
bined signal to the rest of the receiver circuitry. 

The variable phase control provided by phase shifter 216 
can ensure that the nulling signal is 180 degrees out of phase 
With the composite signal. Without phase control, the signals 
could constructively add, further degrading receiver sensitiv 
ity. Additionally, Without variable gain there may not be 
enough signal in large re?ection situations or, conversely, too 
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4 
much signal in small re?ection situations. Thus, Without vari 
able gain it can be impossible to adequately null the undesired 
signal. It Will be understood that the order of phase shifter 216 
and the variable ampli?er 218 can be sWitched. In other Words 
the nulling path signal can, alternatively, be ampli?ed and 
then phase shifted. 

Determining if the undesired signal has been adequately or 
suf?ciently cancelled can be based on many different crite 
rion. For example, the magnitude of the unWanted signal can 
be determined using a detector. An acceptable magnitude of 
the unWanted signal can be based on, e.g., an acceptable 
signal to noise ratio, an acceptable bit error rate, frame error 
rate, etc. Acceptable levels of cancellation can vary from 
implementation to implementation, and thus are dependent 
on the speci?c implementation. Thus, for a given system, 
suf?cient cancellation can be determined by selecting a level 
of cancellation that alloWs the system to receive signals trans 
mitted from a tag With an acceptable error rate. 

Because gain and/ or phase may need to be adjusted to null 
the RF signal, it can be necessary to have a processor 224 or 
other logic to process the feedback and control the phase 
shifter 216 and/or variable gain ampli?er 218. Examples 
including processor 224 Will be discussed herein, hoWever, it 
Will be understood that other types of control logic can be 
used. Thus processor 224 can include a microprocessor, 
memory, digital logic, FPGAs, CPLDs, analog circuitry, etc. 

Processor 224 can have an algorithm that controls the 
phase and/or amplitude of the nulling signal to cancel the 
undesired portion of the composite signal. Cancellation can 
occur, for example, at each frequency used by the transmit 
signal, at each antenna port in a multiple antenna system, etc. 
The amplitude and/or phase of an undesired signal, e.g., 

caused by re?ection of a transmit signal, can vary With fre 
quency. Thus it can be desirable to select setting for phase 
shifter 216 and/or variable gain ampli?er 218 based on the 
speci?c frequency used. In systems that use multiple frequen 
cies it can be necessary to determine setting for phase shifter 
216 and/or variable gain ampli?er 218 that are acceptable for 
each frequency used. This can be done, for example, by 
optimiZing the settings for one frequency used and then veri 
fying that those settings Will Work for each of the other fre 
quencies. 

Alternatively, if an acceptable range of settings can be 
determined for each frequency and these ranges of settings 
have some overlap then settings Within this overlap can be 
selected. For example, assume that a system uses tWo fre 
quencies, fl and f2. Further assume that at fl an acceptable 
range of phase adjustments that can adequately cancel the 
undesired signal is a 50 to 55 degree phase adjustment. In 
other Words, at fl, a 50 to 55 degree adjustment Will cause the 
nulling signal to be approximately 180 degrees out of phase 
With the undesired signal. 

Also assume that, at f2, the acceptable range is 47 to 52 
degrees of phase adjustment. Thus 50 degrees of phase adjust 
ment can be selected because 50 degrees is Within the ranges 
for both fl and f2. It Will be understood that the ranges Will not 
alWays overlap. Thus, it can be necessary to pick phase and/or 
amplitude adjustments that are not optimal for any frequency 
used, but are close enough to provide some level of improve 
ment for all of the frequencies used. 

Cancellation can also occur at each antenna port, e.g., in 
devices that use multiple antennas. Again, as With multiple 
frequencies discussed above, When multiple antenna ports are 
used it can be necessary to pick phase and/or amplitude 
adj ustments that are not optimal for any antenna port used, but 
are close enough to provide some level of improvement for all 
of the ports used. For example, assume that setting variable 
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gain ampli?er 218 to a gain of 0.5 Will provide adequate 
cancellation of the undesired signal at a ?rst antenna port, 
assuming the correct phase is selected. Further assume that a 
gain of 0.7 Will provide adequate cancellation of the undes 
ired signal at a second antenna port. A gain of 0.6 can, for 
example, be selected so that some improvement can be pro 
vided to each antenna port. It Will be understood that if a range 
of ampli?cation values can provide adequate cancellation 
then 0.6 might be Within that range and thus provide adequate 
cancellation for both antenna ports. 

It Will be understood that these are only examples. Many 
different Ways of selecting amplitude and/or phase adjust 
ment betWeen multiple frequencies, multiple antenna ports, 
etc. are possible. For example, one frequency can be more 
important than another. In this example, it can be more impor 
tant to optimiZe for this frequency. Alternatively, one antenna 
port can be more important than another, thus the more impor 
tant antenna port can be optimiZed. 

In one embodiment multiple frequencies and multiple 
antenna ports can be used. In this embodiment it can be 
necessary to optimiZe for both frequency and antenna port. In 
these cases priorities betWeen different frequencies and dif 
ferent antenna ports can vary from implementation to imple 
mentation, thus exactly hoW phase and/or gain is selected can 
vary from system to system. 

It Will be understood that these principles can be applied 
multiple times in a given system. For example, the one phase 
shifter 216 and one variable gain ampli?er 218 can be used 
With one antenna 214 and another phase shifter and variable 
gain ampli?er can be used With another antenna. 

Further, a look up table can be maintained to provide 
proper settings. For example, a table can be generated that 
indicates What phase and/or ampli?cation, or range of these 
settings, should be used for a given transmit frequency. These 
settings can then be checked When processor 224 performs 
periodic checks to insure the received RF signal is Within an 
acceptable WindoW, thereby maintaining good receiver sen 
sitivity. 

FIG. 3 is a ?owchart illustrating an example method of RF 
nulling that can use the system of FIG. 2 in accordance With 
one embodiment. In step 300 the transmit signal can, e.g., be 
provided by frequency synthesiZer 202. In step 302 the trans 
mit signal can be split into the nulling signal and the main 
signal, e.g., using RF poWer divider 208. The nulling signal 
can be directed to nulling path 206 While the main signal can 
be directed to main path 204. 

In step 304 the phase of the nulling signal can be con 
trolled, e. g., using phase shifter 216. In step 306 the amplitude 
of the nulling signal can be controlled, e.g., using variable 
gain ampli?er 218. As discussed above, it Will be understood 
that the order of phase shifter 216 and variable gain ampli?er 
is not critical. 

The received RF signal can include, e.g., a response from 
an RFID tag and a re?ection of the signal that the RFID 
system receiver has transmitted, referred to above, as the 
undesired signal. The nulling signal can be coupled With the 
received RF signal in step 308. The nulling signal can be 
approximately the amplitude of the unWanted signal and 
approximately 180 degrees out of phase With the unWanted 
signal. Thus, the nulling signal can cancel, at least in part, the 
unWanted signal. 

The amplitude of the undesired signal can be measured at 
RF detector 222. In this Way the detector can provide feed 
back that can indicate hoW Well the undesired signal is being 
eliminated. In step 310 the feedback can be used to control 
phase, amplitude, or both. In other Words, feedback can be 
used to determine if any changes should be made to the 
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6 
current phase, amplitude or both, e.g., by changing control 
signals to phase shifter 216, variable gain ampli?er 218, or 
both. 

It should be noted that the undesired signal can comprise 
leakage from transmit, or main path 204 to receive path 226, 
unintended re?ections from external objects, or both. Accord 
ingly, changes, e. g., in the amplitude of the main path signal 
can effect the undesired signal. When this happens, the com 
pensation provided via the nulling path signal may not be 
adequate, or it may be excessive. In Which case, detector 222 
should detect that the compensation is not optimal an cause 
the phase and/or amplitude of the nulling path signal to 
change via the feedback provided via the detector. 

FIG. 4 is a ?oWchart illustrating another example method 
of RF nulling. The example of FIG. 4 can use the system of 
FIG. 2 in conjunction With the methods discussed above With 
respect to FIG. 3 in accordance With one embodiment. In this 
example, phase can be adjusted in step 400, e.g., using phase 
shifter 216. The phase can be adjusted to match the phase of 
the nulling signal to the undesired signal. 

In step 402, phase can be measured, for example, processor 
224 can measure a signal coupled off of RF detector 222. In 
this Way the detector can provide feedback that can indicate 
hoW Well an undesired signal is being eliminated. It Will be 
understood that processor 224 can measure the signal by, e. g., 
reading an output of an RF measuring device, and that the RF 
measuring device can be internal or external to processor 224. 
In this example, the measurement of step 402 can indicate the 
effects of the adjustment to phase of step 400. 

In step 404, amplitude can be adjusted, e.g., using a vari 
able gain ampli?er 218. Similar to step 402, in step 404 
amplitude can be measured, e.g., processor 224 can measure 
a signal coupled off of RF detector 222. This measurement 
can also use an RF measuring device that can be internal or 
external to processor 224. Again, in this Way the detector can 
provide feedback that can indicate hoW Well an undesired 
signal is being eliminated. In this example, the measurement 
of step 404 can indicate the effects of the adjustment to 
amplitude of step 404. 

It Will be understood that no order of steps should be 
implied by the order shoWn in FIG. 4. In one embodiment, the 
steps can proceed in the order shoWn, i.e., 400, 402, 404, and 
406. In other embodiments a different order for the steps can 
be used. For example, in one embodiment a measurement 402 
can be folloWed by a phase adjustment 400 and an amplitude 
adjustment 404, folloWed by a measurement 406. In this Way 
the effect of the adjustments 400 and 406 can be determined 
by comparing the measurement 402 to the measurement 406. 

In another embodiment a phase adjustment 400 and an 
amplitude adjustment 404 can be folloWed by a measurement 
406. In other Words, one measurement 406 can occur for each 
phase 400 and amplitude 404 adjustment. Thus, step 402 can 
be eliminated. This can be used, for example, in systems 
Where the effects of changes to amplitude 404 and/or phase 
400 are Well knoWn, such that a comparison before and after 
the changes is not necessary. This can reduce the number of 
steps necessary. In systems that do not have enough processor 
bandWidth to perform all the steps shoWn in FIG. 4 this can be 
useful. For example, steps can be eliminated Where processor 
224 is busy performing other tasks or processor 224 is too 
sloW to perform all of the steps. 

In another embodiment measurements can be taken before 
and after each adjustment 400 and 404. For example, a mea 
surement 402 can be taken folloWed by a phase adjustment 
400. After the phase adjustment 400 another measurement 
406 can be taken. In this Way the effect of the phase adjust 
ments 400 alone can be determined by comparing the mea 
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surement 402 to the measurement 406. Further, a measure 
ment 402 can be taken followed by an amplitude adjustment 
404. After amplitude adjustment 404 another measurement 
406 can be taken. In this Way the effect of amplitude adjust 
ment 404 alone can be determined by comparing the mea 
surement 402 to the measurement 406. As Will be understood 
from the examples above that many different combinations of 
measurements 402 and 406 and phase and amplitude adjust 
ments 400 and 404 can be used. 

While the systems and methods described herein can, 
reduce or minimize signal re?ections Without using multiple 
antennas, it Will be understood that multiple antennas can be 
used in conjunction With these systems and methods. In some 
systems, multiple antennas can, for example, be used to fur 
ther minimiZe signal re?ections, to provide improved receiver 
performance by selecting the best antenna available in a mul 
tiple antenna system, to improve signal to noise ratio, both in 
terms of background noise and/or noise from unWanted 
re?ection, or for any other reason that multiple antenna sys 
tems are used. 

Additionally, the systems and methods described herein 
can, in some embodiments, be used to minimiZe signal re?ec 
tion beyond What can be achieved using component selection 
alone. It Will be understood, hoWever, that some component 
selection Will often be necessary to achieve an acceptable 
cancellation of any signal re?ection Within any given RFID 
system receiver. Thus, embodiments that include component 
selection in conjunction With the systems and methods 
described herein are speci?cally contemplated. 

While certain embodiments of the inventions have been 
described above, it Will be understood that the embodiments 
described are by Way of example only. Accordingly, the 
inventions should not be limited based on the described 
embodiments. 

What is claimed is: 
1. An RFID receiver comprising: 
a nulling path circuit con?gured to create a phase shifted, 

amplitude controlled nulling signal, the nulling path cir 
cuit comprising: 
a phase shifter con?gured to control the phase of a null 

ing signal, and 
a variable gain ampli?er coupled With the phase shifter, 

the variable ampli?er con?gured to control the ampli 
tude of the nulling signal; 

an RF coupler coupled to the phase shifter and the vari 
able gain ampli?er, the RF coupler con?gured to com 
bine the nulling signal and a receive signal, the receive 
signal comprising an undesired signal, in such a man 
ner so as to provide at least partial cancellation of the 
undesired signal; 

an RF detector coupled to the RF coupler, the RF detec 
tor con?gured to detect Whether there is suf?cient 
cancellation of the undesired signal and provide feed 
back; 

a processor coupled to the phase shifter, the variable gain 
ampli?er, and the detector, the processor con?gured 
to control the phase shifter and the variable gain 
ampli?er based on the feedback provided; and 

an RF poWer divider coupled to a transmit frequency 
synthesiZer, the phase shifter, and the variable gain 
ampli?er, the RF poWer divider con?gured to split a 
transmit signal into a main path signal and the nulling 
signal. 

2. The RFID receiver of claim 1, Wherein the undesired 
signal comprises leakage from a transmission path to a 
receive path. 
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8 
3. The RFID receiver of claim 1, Wherein the undesired 

signal comprises unintended re?ections from an external 
source. 

4. The RFID receiver of claim 1, Wherein the undesired 
signal comprises both leakage from a transmission path to a 
receive path and unintended re?ections from an external 
source. 

5. The RFID receiver of claim 1, Wherein the transmit 
frequency synthesiZer is coupled to the phase shifter and the 
variable gain ampli?er, and is con?gured to provide the trans 
mit signal. 

6. The RFID receiver of claim 1, further comprising a 
poWer ampli?er coupled to the RF poWer divider and con?g 
ured to control the amplitude of the main path signal. 

7. The RFID receiver of claim 1, further comprising a 
circulator coupled to an RF coupler, a phase shifter, and a 
variable gain ampli?er, the circulator con?gured to couple the 
main path signal to an antenna. 

8. The RFID receiver of claim 1, Wherein the nulling path 
circuit comprises a single device. 

9. The RFID receiver of claim 1, Wherein the RFID receiver 
is included in an RFID reader. 

10. The RFID receiver of claim 1, Wherein the processor 
controls the phase shifter and the variable gain ampli?er such 
that suf?cient cancellation of the undesired signal is provide 
for multiple transmit frequencies. 

11. The RFID receiver of claim 1, Wherein the processor 
controls the phase shifter and the variable gain ampli?er such 
that suf?cient cancellation of the undesired signal is provide 
for multiple antenna ports. 

12. A method of receiving a signal from an RFID tag 
comprising: 

splitting a transmit RF signal from a frequency synthesizer 
into a main path signal and a nulling path signal at a 
poWer divider; 

controlling the phase of the transmit RF signal in the null 
ing path; 

controlling the amplitude of the transmit RF signal in the 
nulling path, thereby creating a phase shifted, amplitude 
controlled nulling signal; 

coupling the nulling signal With a receive RF signal, the 
receive RF signal comprising an undesired signal, 
thereby providing at least partial cancellation of the 
undesired signal; 

sampling the combined received RF signal and nulling 
signal to determine Whether the undesired signal has 
been su?iciently cancelled; 

generating feedback indicating Whether the undesired sig 
nal has been suf?ciently cancelled; and 

adjusting at least one of the phase or amplitude of the RF 
signal based on the feedback. 

13. The method of claim 12, further comprising controlling 
the amplitude of the main path signal. 

14. The method of claim 12, further comprising routing an 
amplitude controlled main path signal to an antenna. 

15. The method of claim 12, wherein the steps are continu 
ally repeated. 

16. The method of claim 12, further comprising controlling 
the phase and the amplitude of a nulling signal such that 
suf?cient cancellation of the undesired signal is provide for 
multiple transmit frequencies. 

17. The method of claim 12, further comprising controlling 
the phase and the amplitude of a nulling signal such that 
suf?cient cancellation of the undesired signal is provide for 
multiple antenna ports. 
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18. An RFID system, comprising 
an RFID receiver, the RFID receiver comprising: 

a nulling path circuit con?gured to create a phase 
shifted, amplitude controlled nulling signal, the null 
ing path circuit comprising: 5 
a phase shifter con?gured to control the phase of a 

nulling path input signal, and 
a variable gain ampli?er coupled With the phase 

shifter, the variable ampli?er con?gured to control 
the amplitude of the nulling signal; 

an RF coupler coupled to the phase shifter and the vari 
able gain ampli?er, the RF coupler con?gured to com 
bine the nulling signal and a receive signal, the receive 
RF signal comprising an undesired signal, in such a 
manner as to provide at least partial cancellation of the 15 
undesired signal; 

an RF detector coupled to the RF coupler, the RF detec 
tor con?gured to detect Whether there is suf?cient 
cancellation of the undesired signal and provide feed 
back; and 

a processor coupled to the phase shifter, the variable gain 
ampli?er, and the detector, the processor con?gured 
to control the phase shifter and the variable ampli?er 
based on the feedback provided; 

an RFID tag con?gured to receive an RF signal and 
backscatter modulate the RF signal With information; 
and 

an RF poWer divider coupled to a frequency synthesizer, 
the phase shifter, and the variable gain ampli?er, the 
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RF poWer divider con?gured to split a transmit signal 
into a main path signal and the nulling signal. 

19. The RFID system of claim 18, Wherein the transmit 
frequency synthesiZer is coupled to the phase shifter and the 
variable gain ampli?er, and the frequency synthesiZer is con 
?gured to provide the transmit signal. 

20. The RFID system of claim 18, Wherein the RFID 
receiver further comprises a poWer ampli?er coupled to the 
RF poWer divider and con?gured to control the amplitude of 
the main path signal. 

21. The RFID system of claim 18, Wherein the RFID 
receiver further comprises a circulator coupled to an RF cou 
pler, a phase shifter, and a variable gain ampli?er, the circu 
lator con?gured to couple the main path signal to an antenna. 

22. The RFID system of claim 18, Wherein the RFID 
receiver further comprises the nulling path circuit imple 
mented in a single device. 

23. The RFID system of claim 18, Wherein the RFID 
receiver is included in an RFID reader. 

24. The RFID system of claim 18, Wherein the RFID 
receiver processor controls the phase shifter and the variable 
gain ampli?er such that su?icient cancellation of the undes 
ired signal is provide for multiple transmit frequencies. 

25. The RFID system of claim 18, Wherein the RFID 
receiver processor controls the phase shifter and the variable 
gain ampli?er such that su?icient cancellation of the undes 
ired signal is provide for multiple antenna ports. 

* * * * * 


